The Republic of Sakha (Yakutia) is one of the main reindeer herding regions of the Russian Federation. The census population size of domesticated reindeer in the Sakha Republic amounts to more than 156 thousand individuals. Three of the four officially recognized breeds are being bred in Yakutia: the Even, Evenk and Chukotka (Khargin). The analysis of single nucleotide polymorphisms (SNPs) using DNA microarrays (DNA chips) is the useful tool to assess and preserve the biodiversity of this important agricultural species. In the present work, we have used the Bovine SNP50 BeadChip to determine the genotypes and population-genetic characteristics of three domestic reindeer originated from the territory of the Republic of Sakha (Yakutia). Tissue samples (ear skin samples) from reindeer of the breeds Even (EVN, n = 8), Evenk (EVK, n = 11) and Chukotka (CHU, n = 7) were used as biological material for the study. The PLINK 1.07 software was used to check the quality of genotyping. For data processing, we used the software PLINK 1.07, Admixture 1.3, and R packages diveRsity, VennDiagram with subsequent visualization in the R packages pophelper and ggplot2. According to the results of quality control, we selected 512 polymorphic SNPs for further analysis. Analysis of Venn-diagrams showed that the reindeer of Even and Evenk breeds have a maximal number of unique polymorphisms (14 SNPs). Eleven unique SNPs were detected in the Chukotka breed. The calculation of basic population parameters revealed that individuals of the Chukotka breed are characterized by higher levels of genetic diversity (H o = 0.180±0.011, H e = 0.156±0.008, A r = 1.488±0.022) and a higher excess of heterozygotes (F IS = 0.124), compared to Evenk (H o = 0.161±0.009, H e = 0.153±0.008, A r = 1.487±0.020, and F IS = 0.047) and Even (H o = 0.164±0.010, H e = 0.149±0.008, A r = 1.471±0.021, and F IS = 0.089) breeds. The results of multidimensional scaling and the calculation of pairwise genetic distances (F ST ) showed the greatest closeness of the breeds Even and Evenk. Admixture analysis revealed a high degree of genetic isolation of each of the studied breeds. However, among the domestic reindeer of Chukotka and Evenk breeds we identified individuals with a mixed genetic origin, which is close to Even genetics. The obtained data will be applied in the development of programs for the conservation and sustainable use of this important animal species.
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Keywords: single nucleotide polymorphism, genetic diversity, reindeer breeds Reindeer herding is an important component of the economy of the North, Siberia and Far East of Russia [1] . In the Far Eastern Federal district, Republic of Sakha-Yakutia is one of the largest reindeer breeding regions. For indigenous inhabitants of the North of Yakutia domestic reindeer herding is the original lifestyle, which ensures the maintaining traditional livelihoods of representatives of ethnic groups, national traditions and culture. The main competitive advantage of the Sakha Republic is that the whole of its territory belongs to the Far North with a high level of the natural resource economic potential. Yakutia includes taiga-tundra zoogeographical zone, subdivided on the seaside, subarctic and mountain tundra with an unusually rich fauna, suitable for reindeer herding [2] . Reindeer herding is practiced in 20 of the 36 districts and in 1 city district of the Sakha Republic. Out of 3103.2 thousand sq. km of the territory of Yakutia, 2456.5 thousand sq. km or 79.2% are owned by the reindeer farms [3] .
Until 90-ies of the last century, Yakutia consistently held third place in the Russian Federation for the number of domesticated reindeer (361 thousand heads) after Chukotka (491 thousand heads) and Yamal-Nenets Autonomous districts (490.5 thousand heads) [3] . Since the early 1990s, the disruption of the large farms into small ones, reduction of industrial reindeer husbandry and the decline of production and economic indicators of the industry, led to a decrease in the number of reindeer [1] . However, due to the implementation of a number of Government Regulations [4] , the Presidential Program [5] and State Programs [6, 7] , long-term decline in the number of domestic reindeer was suspended, and by the end of 2016, their number in the Sakha Republic amounted to more than 156 thousand heads [3] .
Three of the four officially recognized breeds of reindeer are bred in Yakutia -Even (bred in the twelve districts is mountain-taiga, tundra and foresttundra zones), Evenk (bred in nine regions of the taiga and tundra zones) and Chukotka (Khargin, bred only on the territory of the Nizhnekolymsk ulus). As of January 1, 2015, the number of deer of the above-mentioned breeds was 89913, 41774 and 20750 animals, respectively, which is of 59.0, 27.4 and 13.6% of the total reindeer population in Yakutia [8, 9] . The deer of Even breed are animals of meat-transport body type with long and relatively elongated body. The body weight of adult males and females is 135-145 kg and 91-110 kg, respectively [9] . The animals of Evenk breed also have a meat-transport body type. Individuals of this breed are characterized by the largest sizes, the higher body weight and good loading capacity. Animals of this breed are long-legged and have elongated body, which provides the best working qualities. The average body weight of adult males is 140-170 kg and females at the age of 5.5 years are 108-120 kg [9] . Reindeer of Chukotka breed have meat body type and are not specially adapted for transport purposes [10] . Chukotka reindeer are characterized by early maturity and good growing capacity. The body weight of adult males is around 130-140 kg and females are 93-96 kg [9] .
For further effective use and the maintenance of the domestic reindeer population, and for overcoming the negative effects of decreasing their number, it is necessary to apply modern approaches for assessing and preserving the biodiversity of this important agricultural species. The genetic diversity of reindeer was widely studied using different types of genetic markers: protein polymorphisms [11, 12] , mitochondrial DNA [13, 14] and nuclear microsatellites [15] [16] [17] [18] . Until recently, microsatellites were the most common type of genetic markers to study the genetic drift and evolutionary processes, and to evaluate the differentiation degree and genetic diversity of the populations [19] . However, over the last decade, the development and improvement of high-performance meth-ods of genotyping single-nucleotide polymorphisms (SNPs) led to a revolution in their application as molecular markers, which can give a precise genetic characterization of populations [20] . A huge number of SNPs in the animal genome (according to various estimates, from three to ten million), allows to select about 100 thousand markers with an average distance between them of 30 kb [21] . Moreover, every known or expected gene has an average of two SNPs. No other type of genomic differences can provide such density of mapping. In addition to high-density, SNPs are characterized by a very low mutation rate per generation ( 10 -8 ), which makes them excellent markers for studying molecular evolution [22, 23] .
Practical interest to SNPs has greatly increased in the process of implementing projects aimed to identify the complete nucleotide sequence of agricultural animal species. For example, the sequencing of several complete genomes of cattle revealed the presence of significant numbers of SNPs [24] . Now, their number in the dbSNP database of the National Center for Biotechnology Information (NCBI) of the United States is 73,439,641 [25] . Later, the genomes of several other farm animal species -horses [26] , pigs [27] , sheep [28] were successfully sequenced.
The demand of this type of molecular markers has led to the development and application of microarrays (DNA chips), which are solid supports of small size (no larger than a microscope slide) with anchored, in a certain manner, short oligonucleotides (in the range of 8-25 bp) or DNA fragments (larger than 100 bp) [29] . Development of DNA microarrays of different densities for main farm animals species allowed to find a solution for a variety of tasks, such as the evaluation of the variability within and between breeds; determinations of the geographic localization of populations and admixture patterns within populations with different genetic origin; obtaining information concerning evolutionary relationships (phylogenetic trees) and clarifying centers of origin and migration routes; the implementation of gene mapping; creation of DNA banks [30] . To date, the commercial DNA chips designed by Illumina are widely used for the genotyping of nearly all major farm animal species and to obtain information on the genetic diversity for dozens and hundreds of thousands of markers. For non-model species (including reindeer), due to the lack of information about the complete genomes, the development of such kind of an SNP matrix remains unachievable [31] . However, a number of authors have demonstrated the possibility of using such commercial DNA chip (designed for domestic animals) for obtaining information about the genetic diversity and population structure of non-model species [32] [33] [34] [35] [36] [37] . In 2015, we published the first evidence of the successful application of DNA chips developed for cattle (Illumina BovineSNP50 BeadChip) and domestic sheep (Illumina OvineSNP50 BeadChip) to study the reindeer [38] . The obtained results served as the basis for further use of the BovineSNP50 BeadChip with the aim of genetic characterization of previously unstudied breeds and populations of this unique representative of the genus Rangifer.
In this paper, we report for the first time a more accurate genetic characterization of the three breeds of domestic reindeer in the Republic of Sakha (Yakutia). The obtained data can be used for improvement of reindeer breeding and husbandry in the region.
The aim of this work was the study of biodiversity of domestic reindeer (Rangifer Tarandus) breeds -the Even, Evenk and Chukotka, which are bred on the territory of Yakutia, using a medium -density BovineSNP50K BeadChip.
Techniques. The study was carried out on the deer of three breeds: Even (EVN, FGUP Yukuhashi, n = 8), Evenk (EVK, NAOK Taba, n = 11) and Chukotka-Khargin (CHU, JSC Khatystyr, n = 7). As comparison group, the samples of Yakut wild reindeer (WLD, n = 16) collected during field research in the taiga (TGA, n = 4) and tundra (TUN, n = 12) natural-climatic zones of Yakutia were included in the analysis.
The extraction of genomic DNA from tissue samples (ear samples) was performed using the Nexttec columns (Nexttec Biotechnologie GmbH, Germany) according to the recommendations of the manufacturer. The quality of the isolated DNA was checked by electrophoresis in agarose gel. The DNA concentration in the solution was determined by the measurement of absorption at wavelength 260 nm (OD 260 ). To check the purity of DNA we calculated the ratio of the absorption at wavelengths 260 nm and 280 nm (OD 260 /OD 280 ). Screening of single nucleotide polymorphisms was performed using mediumdensity Bovine SNP50 BeadChip (Illumina, San Diego, CA, USA), including 54609 SNPs.
The PLINK v1.07 software [39] was used to perform quality control of genotyping. The following filters were applied: excluding SNPs genotyped in less than 90 % of individuals (--geno -0.1); excluding individuals with more than 10% of missed SNPs of total number of SNPs (--mind -0.1); excluding loci with minor allele frequency less than 5% (--maf 0.05); excluding markers not corresponding to the χ2 criterion for Hardy-Weinberg equilibrium in a population (p  1½10  6 ); deleting SNP with the value of linkage disequilibrium (LD) between pair of single nucleotide polymorphisms equal to r 2 > 0.05 (we used a sliding window of 50 SNPs, sliding along in 5 SNP increments). Additionally, to assess the quality of SNP genotyping we used GC Score (quality of reading SNP) and GT Score (the level of clustering SNP) of at least 0.5 (50 %) [40] .
To construct Venn diagram, indicating SNPs, which are unique and common to each breed, we used the R package VennDiagram. To assess genetic diversity in studied reindeer breeds we calculated the values of observed (H o ) and expected (H e ) heterozygosity, allelic diversity (A r ) using the rarefication procedure, the inbreeding coefficient (F IS ) [41] and visualized genetic diversity employing the R package diveRsity [42] . Multidimensional scaling (MDS) based on the matrix of distances of the identity-by-state (IBS) was performed in PLINK 1.07 (--cluster, --mds-plot 4). The degree of genetic differentiation of populations was assessed based on pairwise values of F ST [43] calculated in the R package diveRsity [42] . Results of genetic structure of populations and relationships between populations were obtained using the Admixture 1.23 software [44] with subsequent visualization in the R package pophelper [45] .
In data statistical processing, the arithmetic mean (M) and standard errors of mean (±m) were calculated.
Results. In total, 22807 SNPs passed through the quality control and 512 of them were polymorphic and were used for further analysis. The small number of polymorphic markers is due to the fact that with increasing phylogenetic distances between Bovidae and Cervidae families, the number of polymorphic SNPs decreases, which was also revealed by a drop in the total number of genotyped SNPs (call rate) from 99.54 to 61.19% (37) .
Analysis of genetic diversity in domesticated reindeer (Table 1) showed [18] . Animals of the Evenk breed were characterized by the lowest values of observed heterozygosity (H o = 0.161±0.009). Calculation of rarified allelic diversity (A r ) showed no significant differences between the breeds: the values of A r ranged from 1.471 in EVN to 1.488 in CHU. All three breeds were characterized by a slight excess of heterozygotes, as evidenced by the negative values of the coefficient of inbreeding (F IS ), with a range from F IS = 0.124 in CHU to F IS = 0.047 in EVN. A diagram of the location of the studied samples based on SNP analysis using the method of multidimensional scaling (MDS) is presented in figure 2 . The first component (C1) explained 10.25 % of the total variance and clearly separated domestic and wild populations, while, the second component (C2), explaining about 8 % of the total variability, allowed to differ the domestic reindeer breeds from each other. The individuals of the Even and Evenk breeds were characterized by the greatest genetic closeness with a minor overlapping of breedspecific clusters. The presence of admixed individuals can be explained by the closer geographical location of breeding farms of these breeds. Wild reindeer of the taiga and tundra populations formed a common cluster indicating their genetic similarity. was detected between the Even and Evenk breeds confirming their greater genetic closeness. The reindeer of Chukotka breed were equidistant from both breeds: the Even (F ST = 0.098) and the Evenk (F ST = 0.095); and were the most differentiated from the wild population (F ST = 0.101). Admixture analysis of the genetic structure of the studied reindeer breeds (Fig. 2) for the number of clusters k = 2 demonstrated a clear differentiation of domestic breeds from the wild reindeer population. At k = 3, the individuals of Chukotka breed formed their own cluster, while animals of the Even and Evenk breeds clustered together. At k = 4, each of the investigated breeds formed its own cluster with a high degree of genetic isolation. However, it is necessary to indicate that within the Chukotka and Evenk breeds some animals had an admixed genetic origin, which was closer to EVN breed. Individuals of the wild reindeer population, used as a comparison group, retained their membership in their own cluster at k from 2 to 4, although some of them revealed the admixture signals of domesticated reindeer.
Genetic diversity of three reindeer (Rangifer
Thus, our study showed the successful application of DNA chip designed for cattle to differentiate reindeer breeds from each other and from the wild reindeer, and to assess the genetic structure of breeds.
Numerous publications have demonstrated the successful study of related non-model species using a commercial BovineSNP50K BeadChip, developed for domestic cattle. G.D. Haynes and E.K. Latch [35] gave a description of two representatives of the family Cervidae: mule deer (O. hemionus) and white-tailed deer (O. virginianus). They found that 38.7 % of loci could be genotyped, of which 5 % (n = 1068) were polymorphic. R. Kasarda et al. [37] performed the study of two species from the family Cervidae: red deer (Cervus elaphus) and fallow deer (Dama dama). In total, 94.76 % SNPs were successfully genotyped and 5.24 % (1542) of them were polymorphic. Studying the European bison (Bison bonasus), M. Tokarska et al. [46] found 960 polymorphic loci. C. Pertoldi et al. [32] Authors showed that SNP genotyping systems developed for domestic species could be effective even in bottlenecked species in which heterozygosity of other markers such as microsatellites may be very low [46, 32] . Along with the study of biodiversity and evolutionary relationships, SNP markers have found application for the determination of the parentage verification [47] . Thus, above-mentioned studies clearly showed that SNP genotyping systems developed for domestic species represent powerful tools for genetic analysis in related non-model species Thus, as the result of our study of single nucleotide polymorphisms using DNA chips, designed for cattle, we gave the population-genetic characterization of three breeds of domestic reindeer -Chukotka (Khargin), Even and Evenk, which are bred in the territory of one of the main reindeer herding regions of Russia -Republic of Sakha (Yakutia). Reindeer herding in this region is connected not only to the agricultural sector, but is an integral part of the lifestyle and culture of indigenous people. The obtained data can be used to develop programs for the conservation and management of this species important for agricultural biodiversity.
